We reported a chemical approach for the in-situ preparation of conducting polyaniline (PANI)/Fe 2 O 3 composite dispersions using dodecylbenzene sulfonic (DBSA) acid both as dopant and surfactant. The PANI/Fe 2 O 3 composite dispersions were characterized by X-ray diffraction, UV-vis and FT-IR spectra and conductivity measurement. The dispersions showed good stability and existed without precipitate for at least half a year. The gas-sensing behavior of the composite film to 100 ppm of NH 3 was studied through monitoring the change of the resistance.
Introduction
Recently, polymeric composites containing metal oxides have attracted a great deal of attention from researchers because they frequently exhibit unexpected hybrid properties synergistically derived from both components [1] [2] [3] [4] . Meanwhile, they exhibit interesting properties with many applications such as quantum electronic devices, gas sensors, capacitors, conducting paints and rechargeable batteries [5] [6] [7] [8] .
Composites of polyaniline (PANI) have been widely studied in view of their unique electrical, dielectrical, optical and optoelectrical properties in addition to their easy preparation and excellent environmental stability [9] [10] [11] [12] . However, the poor solubility limits their application as conducting materials. To overcome this obstacle, functionalized protonic acids such as dedecylbenzenesulfonic acid (DBSA) or camphorsulfonic acid (CSA) have been used to dope PANI and the obtained conducting products were soluble in many kinds of solvents [13] [14] .
On the other hand, composite of PANI and iron oxides (Fe 2 O 3 or Fe 3 O 4 ) has been extensively investigated because of their unique magnetic properties and application prospects in technology [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . But most of the composites were in powder state; therefore, the processes to prepare film for application in devices are complicated. In our experiment, we prepare the conducting PANI/Fe 2 O 3 composite dispersions in aqueous solution by one step, and the so-obtained PANI/Fe 2 O 3 composite dispersions can be directly used to prepare conducting films and hence make different devices.
In our former work, we have investigated the formation of the PANI dispersions under different preparation conductions by changing the concentration of surfactant, aniline, acid and the ratio of aniline to ammonium persulphate (APS) [25] . In this study, we chose the optimum conditions considering the above factors to prepare the PANI/Fe 2 O 3 composite dispersions by in-situ polymerization using DBSA both as dopant and surfactant. The dispersions of PANI/Fe 2 O 3 composite could exist without any precipitate for at least half a year. In addition, it can be diluted by distilled water for many times without generation of precipitate, indicating their high stability or nearly solution characteristic. The structure and conductivity of the composite was studied by X-ray, UV-vis and FT-IR spectra, and four-probe technology. The gassensing behavior of the film prepared by directly spinning the dispersions on silicon chip was studied.
Results and discussion

Formation
As for the formation of the dispersions, we assumed that the Fe 2 O 3 particles were dispersed in water aqueous solution and it would act as 'seed' to induce the polymerization of aniline. In our experiment, the Fe 2 O 3 particles were homogeneously dispersed in the reaction system because DBSA with hydrophilic group acted as surfactant. Then the aniline monomer contacted with Fe 2 O 3 nearly at the same time, which could accelerate the induction time of polymerization [26] . This effect could be observed by monitoring the change of the solution temperature as shown in Fig. 1 . From Fig. 1 , we can see that the time for the seed polymerization to start was about 300 s (Fig. 1b) while without Fe 2 O 3 particles was about 3300 s along (Fig. 1a) . 
XRD pattern
The XRD pattern of PANI/Fe 2 O 3 composite dispersions is shown in Fig. 2 The UV-vis absorption spectra of PANI and the PANI/Fe 2 O 3 composite dispersions are shown in Fig. 3 . A typical absorption spectrum of PANI dispersions has three distinct absorption peaks at 351, 436, and 757 nm, respectively (Fig. 3a) . The peak at 351 nm arises from π-π* electron transition within benzenoid segments, the peak at 436 nm is due to the polaron state and the wide peak at 757 nm is related to the doping level [28] . Compared to the PANI dispersions, the absorption peak of PANI/Fe 2 O 3 composite dispersions show little difference, for example, the peak at 757 nm shifts to 746 nm (Fig. 3b) . The shift may be originated from the decreasing doping level by the addition of Fe 2 O 3 .
UV-vis spectra
FT-IR spectra
The FT-IR spectra of PANI and PANI/Fe 2 O 3 composite dispersions are shown in Fig.  4 . From Fig. 4a , we can find the characteristic peaks of PANI: the peak at 684 cm -1 is usually assigned to the C-H out of plane bending in 1, 2 ring in intrinsic PANI; the peak at 1083 cm -1 stands for the C-H aromatic in-plane bending on 1, 4 ring; the peak at 1183 cm -1 may be assigned to the carbon skeleton, and the peak of 1311 cm -1 is contributed to C-N stretching mode. The strong peak at 1459 cm -1 is related to C=C stretching mode of the benzenoid ring and a weak peak of quionoid ring at 1548 cm -1 means the high doping degree of the PANI [29] . And from Fig. 4b , we can see that when the Fe 2 O 3 particles present in the dispersion, the intensity of the peak at 1459 cm -1 is decreased and shift to 1461 cm -1 , which represents the decrease of doping degree of the PANI. There may be some interaction between the lone pair electrons of N atom in PANI chains with 3d orbit of Fe atom, which could reduce the energy level interval of aromatic nucleus. This also caused the UV-vis absorption band of composite dispersions to have a red shift [30] . Table 1 shows the conductivity values measured by using four-probe technology at 25 0 C. Compared to pure PANI, the conductivity of PANI/Fe 2 O 3 composite with Fe 2 O 3 content of 0.05 g increases from 0.98 to 1.07μS/cm. This may be attributed to the doping effect associated with Fe 2 O 3 particles that are believed to help induce the formation of a more efficient network for change transport, thus enhancing the conductivity of the composite [31] . However, with increasing the content of Fe 2 O 3 , the relative contents of the conducting polymer are decreased, resulting in the decrease of the corresponding conductivity. The decrease may be attributed to two factors: (a) the insulating behavior of the Fe 2 O 3 particles in the core of the composites; (b) a decrease of doping degree as the UV-vis and FT-IR spectra show [32] . 
Conductivity
Gas-sensing behavior
The gas-sensing behavior of PANI/Fe 2 O 3 composite film to 100 ppm of NH 3 is shown in Fig. 5 . The y-axis is the normalized resistance (R-R 0 /R 0 ), where R 0 is the initial resistance of the composite film before exposure to NH 3 at t = 0 and R is the time dependent resistance of the film exposed to the test gas. From Fig. 5 we could see that the composite film has a significant sensitivity to NH 3 . The response time of the composite film is 40 s. It can be applied to the detection of ammonia, and the further study of the sensitivity to NH 3 and other gases is under way.
Stability
The stability of the dispersions with different content of Fe 2 O 3 particles was studied. When the content of Fe 2 O 3 particles in the dispersions was lower than 0.05 g, the dispersions show good stability and existed without precipitate at least half a year. However, when the content was beyond 0.05 g, there were some precipitates on the bottom of the dispersion and the quantity of the precipitates increased with the content of Fe 2 O 3 . . Acetone damaging dispersions were centrifuged and washed with distilled water, ethanol and acetone three times, respectively. The resulting powder were dried under reduced pressure at room temperature and then used for XRD and conductivity measurements.
Conclusions
Characterization
The composite dispersions was spun onto a chip of silicon and dried under 60 o C in order to remove the solvent and form a film for the UV-vis and FT-IR spectra measurement and study NH 3 gas-sensing behavior. UV-vis and FT-IR spectra were recorded on a UV 3100 spectrometer and on FT-IR-8400s (Shimadzu) spectrometer, respectively. The conductivity measurements were made by the conventional fourprobe (SDY-5) method on pressed pellets of the composite powders prepared at ambient temperature (25 o C). The gas-sensing behavior, which could be reflected by the resistance change of the resulting PANI/Fe 2 O 3 composite film upon exposure to 100 ppm of NH 3 , was monitored with a digital multimeter (DT9205).
